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1 Introduction
In Rel-15, one of the objectives of the work item on Further NB-IoT enhancements is to introduce support for TDD, In RAN1#90bis the following agreement was made regarding downlink aspect for NB-IoT TDD.

	Agreement: 

· TDD UL:DL configuration 0 is not supported in TDD NB-IoT in Rel-15

Working assumption:

· TDD UL:DL configuration 6 is not supported in TDD NB-IoT in Rel-15

Agreements

· MIB-NB is transmitted on the same NB-IoT carrier as NPSS/NSSS.
· The single NB-IoT carrier for all the other SIBs than SIB1-NB, when not the anchor carrier, is:

· In a PRB indicated by SIB1-NB with exact signaling design left to RAN2 including whether to signal anything in case these other SIBs are on the anchor carrier

Agreements:

· It is supported that SIB1-NB is transmitted only on the anchor carrier

· In at least subframe #0 in odd frames

· It is supported that SIB1-NB can be transmitted on non-anchor carrier, FFS details

· It is necessary to consider SFN wraparound as part of FFS

· Periodicity of SIB1-NB in TDD is the same as FDD (i.e. 2560ms)

· One transport block of SIB1-NB is transmitted over 8 SIB1-NB subframes (i.e. same as FDD)

Agreements:

· For NPSS, NSSS and NPBCH transmission in TDD:

· NPSS is transmitted on subframe #5 in every radio frame

· NSSS is transmitted on subframe #0 in every even-numbered radio frame

· NPBCH is in subframe 9 in every radio frame on the same carrier as NPSS/NSSS

Agreements:

· Confirm the working assumptions from RAN1#90, i.e. NPSS uses the lower 11 subcarriers in one subframe and the same cover code for TDD as FDD.

· The NPSS and NSSS sequences for TDD are the same as FDD.

· TDD and FDD NB-IoT are distinguished by the relative location of NPSS and NSSS.

Working assumption to be automatically confirmed if RAN4 reply LS to R1-1715304 does not raise a problem:
· TDD NB-IoT will support all LTE special subframe configurations




In this contribution, we analyze the downlink aspects for NB-IoT TDD from RAN2 perspective and propose solution based on the above mentioned RAN1 agreements. The contribution mainly focuses on design issues for MIB, SIBs and paging occasions.
2 Discussion
Due to that downlink and uplink channels share the same carrier, a NB-IoT TDD carrier occupies only 50% of the spectral resource compared to FDD, resulting in fewer downlink and uplink resource (subframes). For this reason, multi-carrier operation becomes more important for NB-IoT TDD.

MIB-NB
As agreed by RAN1, in NB-IoT TDD, NPBCH is transmitted in subframe 9 in every radio frame on the anchor carrier.
Observation 1 MIB-NB is transmitted on anchor carrier.
MIB-NB should provide information for UEs to receive further information for cell access. In NB-IoT FDD, MIB-NB indicates SIB1-NB scheduling information, which in-turn broadcast scheduling information for the SIBs other than SIB1-NB.
SIB1-NB

RAN1 agreed to support SIB1-NB on the anchor carrier as well as on a non-anchor carrier. 
Observation 2 NB-IoT TDD should support SIB1-NB transmission on anchor as well as non-anchor carriers.

Observation 3 MIB-NB TDD needs to indicate to the UE whether SIB1-NB is transmitted on anchor or non-anchor carrier or both.

The RAN1 agreement doesn’t preclude the case of simultaneous SIB1-NB transmission on anchor and non-anchor carriers. Apparently, transmitting SIB1-NB on both anchor and non-anchor carriers simultaneously increases the cost of system information broadcasting and reduces availability of downlink subframes for the other services (paging, dedicated data transmission, etc.). However, the benefit of such simultaneous transmission is not clearly seen. Hence, it is proposed that SIB1-NB can be transmitted either on the anchor carrier or on the non-anchor carrier, but never on both at the same time.
Proposal 1 SIB1-NB is never transmitted on both anchor and non-anchor carrier at the same time.
The following discussion in the paper will address the RAN2 issues on supporting SIB1-NB on anchor and non-anchor carrier.

SIB1-NB on anchor carrier
SIB1-NB transmission on the anchor carrier can be scheduled according to some predefined pattern, in a similar way as how it is done in FDD. According to the RAN1 agreement, on an anchor carrier in a NB-IoT TDD system, subframe #5 in every radio frame has been assigned to NPSS, subframe #0 in every even-number radio frame to NSSS, subframe #9 in every radio frame to PBCH, and at least subframe #0 in every odd-number radio to SIB1-NB. 
Table 16.4.1.3-4 in 36.213 ([2])  defines how to calculate the starting radio frame calculation for SIB1-NB transmission. If a similar approach is taken in TDD, this table needs to be revised for TDD since SIB1-NB can only be transmitted in odd radio frames. Moreover, in this table, one can see that special care needs to be taken for the case of repetition number 16, where SIB1-NB can start in both odd and even number radio frames depending on the Cell ID, conflicting with NSSS transmission in TDD in even-number radio frames. How that problem will be solved should be decided in RAN1.
Table 16.4.1.3-4: Starting radio frame for the first transmission of the NPDSCH carrying SystemInformationBlockType1-NB.
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Other possible transmission occasions for SIB1-NB on the anchor carrier can be some other downlink subframes not assigned by NPSS/NSSS/PBCH and potentially not used by MBSFN.

If SIB1-NB is transmitted on the anchor carrier in some other subframes than #0, it will not be possible to find a downlink subframe for SIB1-NB transmission that fits all TDD configurations. That is, the SIB1-NB subframe will be TDD configuration dependent. In this case, an indication of the TDD configuration need to be included in MIB-NB.

Proposal 2 To avoid SIB1-NB to be configuration dependent, send a LS to RAN1 asking for transmitting SIB1-NB on the anchor carrier only in subframe #0 in every odd-number radio frame.
SIB1-NB on non-anchor carrier

If SIB1-NB is transmitted on another carrier than the one where sync signals and MIB-NB are detected, UEs will need to identify the exact location of the non-anchor carrier. Indicating the SIB1-NB carrier with full flexibility will require many bits. For example, re-using Rel-13 carrier frequency configuration (CarrierFreq-NB-r13) requires 20 bits. These extra bits need to be transmitted in MIB-NB since it is the only system information block that UE can detect before receiving SIB1-NB. Directly including these bits in MIB-NB is just simply not possible due to the limited number of available spare bits. To support SIB1-NB transmission on non-anchor carrier, it is necessary to introduce a way for indicating SIB1-NB non-anchor carrier frequency, to achieve appropriate trade-off between signalling complexity (cost) and system deployment flexibility.

Observation 4 To support SIB1-NB transmission on non-anchor carrier, it is necessary to introduce a way of indicating SIB1-NB non-anchor carrier frequency, to achieve appropriate trade-off between signalling complexity and system deployment flexibility.
One way can be to add one or more new bit fields to the MIB-NB to indicate the SIB1-NB non-anchor carrier out of a number of predefined deployment choices, i.e. an index to a table of predefined configurations. The SIB1-NB carrier configuration are pre-defined in the 3GPP specification and can be operation mode dependent (i.e., different SIB1-NB carrier configurations are defined separately for in-band, guard-band and standalone modes). The trade-off of signalling cost and deployment flexibility can be achieved by properly selecting the size of the bit field added to MIB-NB and the number of non-anchor carrier deployment possibilities. For example, if 8 possible SIB1-NB carrier frequency positions are defined according to 3GPP specifications, a 3-bit indicator in MIB-NB can indicate to the UEs on which candidate carrier the SIB-NB carrier is transmitted.
An alternative way is to extend the existing Operation Mode Info parameter in the existing MIB-NB message for NB-IoT FDD (chapter 6.7.2 in the RRC specification [3]), to provide potentially different SIB1-NB non-anchor carrier configuration specifically for each of the operation mode. The spare bits in the existing Operation Mode Info parameter for some modes can be used to indicate the TDD SIB1-NB non-anchor carrier information.
As discussed in the previous chapter, MIB-NB needs to indicate if SIB1-NB is transmitted on the anchor or non-anchor carrier. It is also possible that this information is jointly encoded with the SIB1-NB carrier configuration.
Proposal 3 If SIB1-NB is transmitted on non-anchor carrier, a number of candidate non-anchor carriers are pre-defined with a SIB1-NB configuration included in MIB-NB to indicate on which candidate carrier is transmitted.
Proposal 4 The SIB1-NB non-anchor carrier candidates and the SIB1-NB configuration in MIB-NB are defined per NB-IoT operation mode.

In case SIB1-NB is transmitted on a non-anchor carrier, on which there is no transmission of NPSS, NSSS and NPBCH, it is beneficial to choose a downlink subframe that is available for downlink transmission in all TDD configurations. For this purpose, the SIB1-NB subframe can be chosen from subframe 0, 5 and 9. Furthermore, the selection of SIB1-NB downlink subframe should also consider avoiding or reducing interference from neighbor cells.
One other problem that needs to be considered when transmitting SIB1-NB on non-anchor carrier is that the carrier might be transmitted with lower power compared to the anchor carrier. If this is the case, a larger number of repetition is needed for SIB1-NB (and the higher number SIBs) transmission, to achieve the desired coverage extension level and system information acquisition time. The decision on these issues should be left to RAN1.
Observation 5 RAN1 should decide if more repetition is needed for SIB1-NB transmission in non-anchor carrier.

NB-IoT SI messages
In NB-IoT FDD, the scheduling of the SI messages is indicated in SIB1-NB. The ASN.1 below highlights the SI message scheduling related fields in the SIB1-NB message for NB-IoT FDD. The definition for the entire SIB1-NB message can be found in chapter 6.7.2 in [3].
SystemInformationBlockType1-NB ::=
SEQUENCE {

…


schedulingInfoList-r13



SchedulingInfoList-NB-r13,


si-WindowLength-r13




ENUMERATED {ms160,  ms320,  ms480,
ms640, 














ms960,
ms1280, ms1600, spare1},


si-RadioFrameOffset-r13



INTEGER (1..15)

OPTIONAL,
-- Need OP 
..
}

SchedulingInfoList-NB-r13 ::= SEQUENCE (SIZE (1..maxSI-Message-NB-r13)) OF SchedulingInfo-NB-r13

SchedulingInfo-NB-r13::=

SEQUENCE {


si-Periodicity-r13



ENUMERATED {rf64, rf128, rf256, rf512,













rf1024, rf2048, rf4096, spare},


si-RepetitionPattern-r13

ENUMERATED {every2ndRF, every4thRF, every8thRF, every16thRF},


sib-MappingInfo-r13



SIB-MappingInfo-NB-r13,


si-TB-r13





ENUMERATED {b56, b120, b208, b256, b328, b440, b552, b680}

}

For NB-IoT TDD, the same principle can be reused. That is, the SI message scheduling can be indicated in SIB1-NB in NB-IoT TDD.
As being discussed previously, TDD SIB1-NB can be transmitted on the anchor or on a non-anchor carrier indicated by MIB-NB. It should be possible for the network to schedule the SI messages on the anchor carrier, or on the non-anchor carrier where SIB1-NB is transmitted, or on a third carrier. However, introducing one carrier indicator for each SI message in SIB1-NB will significantly increase the SIB1-NB message size while the deployment flexibility it offers might not be beneficial. Therefore, all the SI messages should be transmitted on the same carrier. A single carrier indicator can be included in SIB1-NB to provide carrier configuration to receive the SI messages.
The carrier indicator in SIB1-NB for all SI messages can be optional.  If the carrier indicator is not present, UE can assume the SI messages are transmitted on the same carrier as SIB1-NB.
Proposal 5 All SI-messages (excluding SIB1-NB) are transmitted on the same carrier and the carrier is optionally indicated in SIB1-NB. If the carrier indicator is not present in SIB1-NB, UE can assume the SI messages are transmitted on the same carrier as SIB1-NB.
Paging

NB-IoT FDD UE supports regular and extended DRX. In idle mode, UE should monitor Paging Occasions (POs) in Paging Frames (PF) during Paging Time Window (PTW) to receive paging messages. For NB_IoT FDD, one Paging Occasion (PO) is a subframe where there may be NPDCCH transmitted, scrambled by common P-RNTI, dynamically scheduling the paging message. In case of NPDCCH repetition, PO refers to the starting subframe of NPDCCH repetitions (unless subframe determined by PO is not a valid NB-IoT downlink subframe then the first valid NB-IoT downlink subframe after PO is the starting subframe of the NPDCCH repetitions). Moreover, NB-IoT FDD Rel-14 also support paging on non-anchor carriers. The paging configuration for non-anchor carriers is provided in system information (SIB22-NB). 
The calculation of PTW, PF and PO for NB-IoT FDD, as well as the selection of non-anchor carrier for paging monitoring are defined in chapter 7 in [4].
Compared NB-IoT FDD, NB-IoT TDD has much less downlink resource on anchor carrier for paging message transmission, due to that downlink and uplink channels share the same carrier. Actually, after scheduling of NPSS, NSSS, NPBCH and potentially SIB1-NB, which have to be transmitted on the anchor carrier, there is very few downlink subframes left for the scheduling of any other downlink channels. To achieve the design target on system capacity, as well as to allow scheduling flexibility for paging message transmission, it is necessary for NB-IoT TDD to support paging on non-anchor carriers.
Proposal 6 NB-IoT TDD should support paging on non-anchor carriers.

The NB-IoT FDD paging mechanism supports eDRX cycle up to 3 hours with sufficient scheduling flexibility. The methods of calculating PTW, PF and selecting paging monitoring carriers for NB-IoT FDD can be reused for NB-IoT TDD.
Proposal 7 Reuse the NB-IoT FDD mechanisms of PTW and PF calculation and paging carrier selection for NB-IoT TDD.

However, the PO subframe pattern for NB-IoT FDD cannot be reused for TDD directly, due to different frame structure and different MBSFN subframe assignment.

For TDD, some of the subframes in a radio frame are uplink or special subframes which are not available for paging indication. In NB-IoT TDD the anchor carrier is very much occupied by NPSS, NSSS, NPBCH and potentially SIB1-NB transmission. Not that many downlink subframes are left for paging transmission besides that. Therefore, in the TDD system paging will be very likely transmitted on non-anchor carrier. For this reason, it is not that important to avoid POs on the NPSSS, NSSS, NPBCH and potential SIB1-NB subframes, i.e., subframe #0, #5 and #9.

The MBSFN subframes are also different for LTE FDD and TDD. In LTE-TDD subframe 3, 4, 7, 8, 9 are potential MBSFN subframes hence they are not suitable to be selected as POs. So, it is more important to avoid scheduling paging in MBSFN subframes.
Based on the above analysis, and also considering NB-IoT FDD adopts the same PO subframe pattern as LTE FDD, the same principle can be applied to NB-IoT TDD. That is, the NB-IoT TDD can adopt the same PO subframe pattern as LTE TDD. The FDD PO subframe pattern defined in chapter 7.2 in [4] is shown below.
TDD (all UL/DL configurations):

-
If P-RNTI is transmitted on PDCCH, or if P-RNTI is transmitted on MPDCCH with system bandwidth > 3MHz:

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6


In case a PO subframe determined by the PO subframe pattern is not a valid downlink subframe for paging NPDCCH transmission, then PO should start from the next valid downlink subframe.
Proposal 8 The PO sub-frame patterns for paging for TDD (TS 36.304 section 7.2) are used for NB-IoT TDD.
3 Conclusion

In section 2 we made the following observations:
Observation 6 MIB-NB is transmitted on anchor carrier.

Observation 7 NB-IoT TDD should support SIB1-NB transmission on anchor as well as non-anchor carriers.

Observation 8 MIB-NB TDD needs to indicate to the UE whether SIB1-NB is transmitted on anchor or non-anchor carrier or both

Observation 9 To support SIB1-NB transmission on non-anchor carrier, it is necessary to introduce a way of indicating SIB1-NB non-anchor carrier frequency, to achieve appropriate trade-off between signalling complexity and system deployment flexibility.

Based on the discussion in section 2 we propose the following:
Proposal 9        SIB1-NB is never transmitted on both anchor and non-anchor carrier at the same time.

Proposal 10 To avoid SIB1-NB to be configuration dependent, send a LS to RAN1 asking for transmitting SIB1-NB on the anchor carrier only in subframe #0 in every odd-number radio frame.

Proposal 11 If SIB1-NB is transmitted on non-anchor carrier, a number of candidate non-anchor carriers are pre-defined with a SIB1-NB configuration included in MIB-NB to indicate on which candidate carrier is transmitted

Proposal 12 The SIB1-NB non-anchor carrier candidates and the SIB1-NB configuration in MIB-NB are defined per NB-IoT operation mode.

Proposal 13 All SI-messages (excluding SIB1-NB) are transmitted on the same carrier and the carrier is optionally indicated in SIB1-NB. If the carrier indicator is not present in SIB1-NB, UE can assume the SI messages are transmitted on the same carrier as SIB1-NB.
Proposal 14 NB-IoT TDD should support paging on non-anchor carriers.

Proposal 15 Reuse the NB-IoT FDD mechanisms of PTW and PF calculation and paging carrier selection for NB-IoT TDD.

Proposal 16 The PO sub-frame patterns for paging for TDD (TS 36.304 section 7.2) are used for NB-IoT TDD.
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